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ABSTRACT 
Background 
People suffering from chronic pain are more likely to experience symptoms of 
depression and anxiety. However, the mechanisms underlying this relationship remain 
largely unknown. In light of the moderate to large effects of genetic factors on chronic 
pain and depression and anxiety, we aimed to estimate the relative contribution of 
genetic and environmental factors to the relationship between these traits. 
Methods 
Using data from 2,139 participants in the Murcia Twin Registry, we employed a 
bivariate analysis and structural equation modelling to estimate the relative influences 
of genetics and the environment on the covariation between low back pain and 
symptoms of depression and anxiety. 
Results 
We have obtained heritability estimates of 0.26 (95% Confidence Interval (CI) 0.11, 
0.41) for chronic low back pain and 0.45 (95% CI 0.29, 0.50) for symptoms of 
depression and anxiety. The phenotypic, genetic, and unique environment correlations 
in the bivariate analytical model were, respectively, rph=0.26 (95% CI 0.19, 0.33); 
rG=0.47 (95% CI 0.42, 0.70); rE=0.14 (95% CI -0.04, 0.25). The percentage of 
covariance between low back pain and symptoms of depression and anxiety attributable 
to additive genetic factors was 63.6%, and to unique environment 36.4%. 
Conclusions 
Our findings confirm the relationship between low back pain and symptoms of 
depression and anxiety in a non-clinical sample. Shared genetic factors affect 
significantly the covariation between these conditions, supporting the role of common 
biological and physiological pathways. 
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INTRODUCTION 
People suffering from chronic low back pain are more likely to experience symptoms of 
depression and anxiety (Sullivan et al., 1992, Croft et al., 1995, Gallagher and Verma, 
1999, Linton, 2000, Bair et al., 2003, Bair et al., 2008). The prevalence of pain among 
people with depression can be as high as 65% (Bair et al., 2003), and the concomitant 
presence of symptoms of depression, anxiety, and pain is associated with worse health 
status for patients compared to the presence of one of these conditions alone (Moussavi 
et al., 2007, Bair et al., 2008). Additionally, the co-occurrence of symptoms of 
depression and low back pain results in higher healthcare utilization costs (Gatchel et 
al., 1995). For instance, the medical costs of people suffering from low back pain and 
depression are 2.8 times higher than of those with low back pain alone (Sheehan, 2002). 
Despite the impact that comorbid depression, anxiety and low back pain brings for 
patients and society, the mechanisms underpinning this relationship remain largely 
unclear. The prevalent co-occurrence observed for these conditions could result from: 
genetic factors that contribute to the liability of both conditions (pleiotropy), familial 
environmental factors (shared factors), or individual environmental factors (unique 
factors) that could affect both conditions. A better understanding of such mechanisms 
could contribute to the development of management plans for patients suffering from 
both conditions. 
 
In light of the moderate to large effects of genetic factors on low back pain (Ferreira et 
al., 2013) and depression (Sullivan et al., 2000), our research group has recently 
investigated the relationship between low back pain and symptoms of depression and 
anxiety while accounting for genetic and environmental factors by employing a co-twin 
case-control design (Pinheiro et al., 2015a, Pinheiro et al., 2016). The findings from 
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these studies showed that once familial factors are accounted for, the association 
between low back pain and symptoms of depression and anxiety disappears, suggesting 
that genetic factors play an important role in this relationship. Although these studies 
gave a strong indication of the role of genetic influences to this association, the genetic 
and environmental contributions to the relationship were not estimated.  
 
Previous studies have attempted to estimate the contribution of the environmental and 
genetic factors to the association between pain and symptoms of depression and anxiety. 
Overall, they found that the link between pain and symptoms of depression and anxiety 
is primarily explained by shared genetic influences between the two phenotypes, 
whereas shared environmental effects were not important (Reichborn-Kjennerud et al., 
2002, Gasperi et al., 2017). These studies were performed with young samples (mean 
age ranging from 22 to 29 years), however it is likely that age, and other sample 
characteristics, such as sex composition or cultural background, as well as prevalence of 
pain and symptoms of depression and anxiety an impact on the genetic and 
environmental estimates (Snieder et al., 2000). The impact of genetic factors on health 
problems, such as low back pain and symptoms of depression and anxiety might vary 
considerably with age, and the expression of genes can change across the lifespan (El-
Metwally et al., 2008). Additionally, changes in the prevalence of these conditions 
across the lifespan can also impact on the estimates. For instance, although the 
prevalence of symptoms of depression and anxiety seems to be stable across adulthood 
(Kendler et al., 1995), the prevalence of low back pain is believed to reach its peak in 
middle aged adults (Hoy et al., 2012, Macfarlane et al., 2012). Therefore, establishing 
the genetic and environmental contribution to the relationship between low back pain 
and symptoms of depression and anxiety across different aging and cultural groups is 
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essential to enhance our understanding of the mechanisms explaining the relationship 
between these traits.  
 
Understanding whether low back pain and symptoms of depression and anxiety are 
influenced by the same genetic and environmental factors is a relevant question and 
could have promising impact for management of patients with these conditions. If 
genetic factors indeed largely explain the covariance between low back pain and 
symptoms of depression and anxiety, this suggests an overlap in the set of genes 
influencing both traits. In this case, a common physiological pathway might explain the 
co-occurrence of these traits and therefore understanding this pathway and/or 
identifying the specific genes could help with management of these conditions. The aim 
of this study was to estimate the genetic and environmental sources of covariance 
among low back pain and symptoms of depression and anxiety by using a classical twin 
design and a large sample of middle-aged Spanish twins. 
 
METHOD 
Participants 
Cross-sectional data from a population-based sample of twins registered in the Murcia 
Twin Register (MTR) (Ordoñana et al., 2006, Ordoñana et al., 2013) were used for this 
study. The MTR is a community-based twin registry, it is comprised of female and male 
adult twins who were born between 1940 and 1966 in the Region of Murcia, Spain, and 
representative of the general population in the region (Ordonana et al., 2017). 
Additional details about the MTR can be found elsewhere (Ordoñana et al., 2006, 
Ordoñana et al., 2013). The Committee of Research Ethics of the University of Murcia 
approved the registry and all data collection procedures for this study. Additionally, the 
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MTR follows all national and institutional regulations regarding personal data 
protection and ethical use of human volunteers. 
Data collection 
Trained assessors collected data on demographic information and self-reported health-
related questionnaires through phone and face-to-face interviews for all participants. 
Data collection for this study took place between 2009 and 2011. 
 
Zygosity ascertainment 
A sample of 338 twin pairs had their zygosity ascertained by DNA test. The remaining 
of the participants answered a 12-item questionnaire that assesses the degree of 
similarity and mistaken identity between twins. This questionnaire has been validated 
against DNA test and an agreement of approximately 96 % has been found (Ordoñana et 
al., 2013). 
 
Assessment of low back pain and symptoms of depression and anxiety  
Prevalence of low back pain was assessed through the following dichotomous self-
reported question derived from the Spanish National Health Survey: “Have you ever 
suffered from chronic low back pain?” Participants were instructed to consider chronic 
low back pain as pain in the lower back area that lasted for at least six months, 
including recurrent episodes.  
 
Data on symptoms of depression and anxiety were collected using the “Depression and 
Anxiety” domain of the EuroQol-5 dimension (EQ5D) questionnaire (Szende and 
Williams, 2004). This is a self-reported questionnaire and participants are given three 
options and are instructed to select the one that best describe themselves at the day they 
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were answering the questionnaire. The response options included: (1) “I am not anxious 
or depressed”; (2) “I am moderately anxious or depressed”; and (3) “I am extremely 
anxious or depressed.” Nonetheless, since there was small number of participants in the 
third category, participants’ answers were dichotomized into not depressed or anxious 
versus moderately or very depressed or anxious. The EQ5D has adequate validity when 
used for people with chronic pain,(Obradovic et al., 2013) and it offers a reasonable 
valid prediction of depression and anxiety disorders.(Supina et al., 2007, König et al., 
2010) Additionally, the EQ5D is substantially correlated with other measures of 
psychological distress, suggesting good convergent validity (Jutte et al., 2015).  
 
Statistical analysis 
Twin data 
Classic twin analysis is typically aimed at disentangling the genetic and environmental 
influences that might contribute to individual differences in a trait. These influences 
may be estimated using twin data because identical twins (monozygotic, MZ) share all 
their genes, while non-identical twins (dizygotic, DZ) share on average half of their 
segregating genes (Everitt and Howell, 2005). When phenotypic data is available on 
MZ and DZ twin pairs, the total variance of the trait can be decomposed into variance 
due to additive (A; i.e., summed allelic effects across multiple genes) and non-additive 
(D; i.e., genetic dominance, possibly including epistasis) genetic factors, as well as 
shared (C; i.e., common/family environment) and individual (E; i.e., idiosyncratic 
experiences, including measurement error) environmental factors. Components C and D 
cannot be estimated simultaneously in a classical twin model. The pattern of MZ and 
DZ correlations will determine whether C or D will be modelled. As a general rule, C is 
estimated if the DZ twin correlation is greater than half of the MZ twin correlation, and 
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D is estimated if the DZ twin correlation is less than half of the MZ correlation (Neale 
and Cardon, 1992, Verweij et al., 2012). If data from more than one variable are 
analyzed (e.g. low back pain and symptoms of depression and anxiety), it is possible to 
investigate the potential overlap in genetic and environmental factors that could explain 
the co-occurrence of these traits.   
 
Structural equation modelling 
The variance in a trait that is explained by each of the latent components (i.e. A, C or D, 
E) is commonly investigated by employing Structural Equation Models (SEM). 
Additional details of the twin design can be found elsewhere (Neale and Cardon, 1992, 
Posthuma et al., 2003, Verweij et al., 2012).   
 
Initially, assumptions of the twin design were tested and univariate ACE/ADE models 
were fitted separately for each variable (i.e: low back pain and symptoms of depression 
and anxiety). Afterwards, a bivariate Cholesky model including both variables was 
fitted. The Cholesky factorization ensure that the estimated A, C or D, and E matrices 
are positive definite, restriction that follows from the fact that they are covariance 
matrices (Neale and Maes, 2002). In the case of the bivariate model, Cholesky results 
were transformed, prior interpretation, into a correlated factor solution (Loehlin, 1996). 
Such transformation was conducted because no specific relationship or order between 
low back pain and symptoms of depression and anxiety was hypothesized, and the 
Cholesky factorizarion implies that there is a specific ordering of the variables. In the 
correlated factor solution, each variable is separately decomposed into its genetic and 
environmental components (latent variables), and the correlations of these components 
across variables are estimated. For instance, a high genetic correlation (rG) between the 
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two traits suggests that genetic influences on low back pain also affect symptoms of 
depression and anxiety, whereas a genetic correlation of 0 indicates independence in the 
genetic factors influencing each variable (Figure 1). The same principle applies to the C, 
D and E components. Finally, the proportion of covariance of the traits explained by 
genetic and environmental factors is estimated as well. 
 
In every case, the full models were tested against nested submodels, where A 
component, C/D component or both (AC/AD) were fixed to zero. If there was no 
statistically significant difference between two models, the simplest one was chosen 
(parsimony principle). Given that the estimation of a significant genetic dominance 
component in the complete absence of additive genetic variance, although theoretically 
possible, is practically unlikely, DE models were not fit. 
 
The log-likelihood ratio test (LRT) was used compare the fit of the different models and 
submodels. The difference in minus two times the log-likelihood (-2LL) between two 
models has a χ2 distribution with the degrees of freedom (df ) equaling the difference in 
df between the two models. Additionally, the model fit was evaluated using Akaike’s 
information criterion (AIC) (Akaike, 1987) which is a parsimony-adjusted statistic used 
to select among competing models. This fit index is based on a hypothetical replication 
of the same population and of the same size as the analyses. The model with the 
smallest AIC is chosen as it is most likely to replicate as opposed to more complex 
models that are less likely to replicate (Kline, 2005). 
 
Liability-threshold model 
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The liability-threshold model was used to analyze low back pain and symptoms of 
depression and anxiety since these are dichotomous variables (Rijsdijk and Sham, 
2002). This model assumes that an unobserved liability underlies the measured 
categories of low back pain and symptoms of depression and anxiety. The liability is 
assumed to be normally distributed with a mean value of 0 and a variance of 1, but the 
correlation between them is unknown and the shape of such distribution is determined 
by the correlation. The liability can be influenced either by the individual’s exposure to 
environmental factors or by the genetic make-up. A trait is expressed when the liability 
exceeds a certain threshold value. The number of standard deviations away from the 
mean is used to calculate the thresholds. The area under the curve corresponds to the 
probability to be in a certain category of low back pain or symptoms of depression and 
anxiety (Figure 1). Polychoric correlation between the liability distributions is used to 
estimate twin similarity.   
 
Tetrachoric twin correlations and cross-twin cross-trait correlations (the correlation 
between low back pain in one twin and symptoms of depression and anxiety in the co-
twin) were estimated within a model, named saturated model, in which the correlations 
and thresholds are freely estimated over the different zygosity groups. Then, thresholds 
were constrained to be equal over the different groups to test for effects of twin order, 
zygosity and sex. The fit of these models was compared with the saturated model. 
 
All models were fitted to the individual observations using full information maximum 
likelihood (FIML) within the OpenMx package v2.7.9 (Neale et al., 2016) from R 
v3.3.3. The role of covariates on the traits of interest was tested by introducing them in 
the model of means, which performs a linear regression on the observed scores and 
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proceeds to use the residuals for estimating the weights of each variance component 
(Boker et al., 2016). Subsequently likelihood ratio tests between a model with free 
parameters for the effect of the covariates on the main variable, and the models where 
each one of those parameters was fixed to zero were carried out. Data manipulation and 
descriptive and preliminary analyses were performed both in SPSS v.19 (SPSS, 2010) 
and R v. 3.2.3 (R Core Team, 2015). Correlations were classified as follows: < 0.25 as 
low, between 0.25 and 0.50 as fair, between 0.50 and 0.75 as moderate to good, and > 
0.75 as high (Portney and Watkins, 2008). 
 
Results 
Sample characteristics 
A total of 2,139 twins formed the study sample for this cross-sectional study. The mean 
age of all participants was 53.7 years (SD: 7.3; range: 43–71), and female participants 
accounted for 54.6% of the sample (Table 1). There were 962 complete twin pairs [196 
MZ female (MZF) pairs, 129 MZ male (MZM) pairs, 188 DZ female (DZF), 163 DZ 
male (DZM), and 286 opposite sex dizygotic (OSDZ) pairs] and 215 incomplete twin 
pairs (17 MZF twins, 28 MZM twins, 30 DZF twins, 35 DZM twins, and 105 OSDZ 
twins).Overall the prevalence of low back pain was 32.3% and of symptoms of 
depression and anxiety was 21.9%.  
 
Assumption testing 
There was no evidence of statistically significant differences in prevalence of low back 
pain and symptoms of depression and anxiety among members in a pair or between MZ, 
SSDZ and OSDZ twins. In the saturated model, thresholds for both variables could be 
constrained to be equal over all groups without a significant worsening of fit. 
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Prevalence of low back pain and symptoms of depression and anxiety, within zygosity 
groups is shown in Table 1. 
 
Effects of age, sex and wave of data collection (either 2009, 2010, or 2011) were 
regressed out from the observed scores via a linear regression using the FIML procedure 
in OpenMx. Subsequently, SEM were fitted to the residual scores. These predictors 
were fixed to zero one by one, and tested for a significant difference in model fit using 
log-likelihood ratio tests (Table 2). Sex and wave of data collection showed a 
significant effect on both variables, while no significant effect of age on any variable 
was found. Therefore, age was dropped from the model.  
 
Tetrachoric twin correlations and the cross-twin cross-trait correlations from the 
saturated model are presented in Table 3. The within-trait and the cross-twin cross-trait 
correlations were higher in MZ than in DZ twins, supporting the hypothesis of genetic 
influences on low back pain and symptoms of depression and anxiety and on the 
covariation between the traits. 
 
In the univariate case, MZ-DZ correlation patterns and model lead us to fitting different 
variance models for low back pain and symptoms of depression and anxiety. For the 
former, an ACE model showed the best fit (A = 0.24 [0.01 0.34], C = 0.02 [0.00 0.26], 
and E = 0.74 [0.59 0.91]); for the latter, and ADE model was the most appropriate (A = 
0.14 [0.00 0.57], D = 0.37 [0.00 0.67], and E = 0.49 [0.35 0.67]). In the bivariate case, 
however, the ADE model showed the best fit (lowest -2LL and AIC values). Therefore, 
although there was no a priori / theoretical reason to exclude the impact of shared 
environment, D factor was modelled, instead of C. 
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Fit comparisons for the bivariate decompositions are presented in Table 4. There was no 
deterioration of fit after dropping C/D from the model, neither in the univariate nor the 
bivariate case when comparisons were performed between ACE/ADE models and more 
restrictive AE and E models. The AE model was the most parsimonious model, as 
indicated by the lowest AIC values and better fit. These results suggest that non-
additive genetic (D) and shared environmental effects (C) did not contribute 
significantly to low back pain and symptoms of depression and anxiety (or their 
covariance) in this sample.  
 
In order to express the proportion of variance explained by each component according 
to the full genetic and the more restrictive AE model, the obtained maximum-likelihood 
parameter estimates of the A, D, and E (e.g., a(1 or 2), d(1 or 2), e(1 or 2)) (Figure 1) variance 
components were squared (e.g., a1
2 and e1
2) (Table 5).  
 
The phenotypic, genetic, and unique environment correlations in the AE Model were, 
respectively, rph = 0.26 (0.19, 0.33); rG = 0.47 (0.42, 0.70); rE = 0.14 (-0.04, 0.25). The 
percentage of covariance between low back pain and symptoms of depression and 
anxiety attributable to A factor (additive genetic) was 63.6%, and to E factor (unique 
environment) was 36.4%. 
 
Discussion  
Summary 
In this study we investigated the association between low back pain and symptoms of 
depression and anxiety by employing a classic twin design to estimate to what extent 
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these two conditions are influenced by the same genetic and environmental factors. The 
phenotypic correlation between low back pain and symptoms of depression and anxiety 
was fair rph = 0.26 (95% CI 0.19, 0.33) and additive genetic factors explained 64% of 
the covariance between them. There was a fair genetic correlation (rG = 0.47, 95% CI 
0.42, 0.70) between the genetic factors influencing each condition, suggesting an 
overlap in the genes affecting low back pain and symptoms of depression and anxiety. 
Unique environmental factors made a smaller contribution to the association between 
low back pain and symptoms of depression and anxiety, explaining the remaining 36% 
of this relationship. Since the unique environment correlation was low (rE = 0.14, 95% 
CI -0.04, 0.25), this suggests that the type of unique environmental factors influencing 
low back pain are largely different from those impacting on symptoms of depression 
and anxiety.  
 
Comparison with previous investigations 
The heritability estimates (i.e. proportion of a phenotype’s total variance that can be 
attributable to additive genetic effects) (Rijsdijk and Sham, 2002) found for low back 
pain (26%) and symptoms of depression and anxiety (45%) were consistent with 
previous investigations, where low back pain heritability ranged between 21% and 67% 
(Ferreira et al., 2013), whereas symptoms of depression and anxiety ranged between 
39% to 53% (Reichborn-Kjennerud et al., 2002, Gasperi et al., 2017). The phenotypic 
association found between low back pain and symptoms of depression and anxiety in 
the present study (rph = 0.26) was also similar to a previous study investigating the 
genetic and environmental contribution to pain in general and depression (rph = 0.29) 
(Gasperi et al., 2017) and another study investigating low back and neck pain and 
symptoms of depression and anxiety (rph = 0.31) (Reichborn-Kjennerud et al., 2002). 
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Similarly, our results are in agreement with previous investigations that found that the 
correlation between pain and depression and anxiety is primarily due to genetic factors 
(Reichborn-Kjennerud et al., 2002, Gasperi et al., 2017), with the unique environment 
playing a smaller role, whereas the shared environment (C) does not have a noticeable 
effect on these traits in adults (Reichborn-Kjennerud et al., 2002, Gasperi et al., 2017). 
 
A similar genetic correlation was found by Gasperi et al., (2017) (rG= 0.56 vs rG = 
0.47),(Gasperi et al., 2017) even though estimates of heritability and genetic effects can 
be affected by several factors, as previously highlighted (Snieder et al., 2000, Ferreira et 
al., 2013). Gasperi et al., (2017) investigated a smaller and selected sample (n = 400) of 
younger participants (mean age = 29 years) from a diverse background (USA), and the 
pain phenotype investigated was different from the present study (recent or current pain 
in general vs lifetime history of chronic low back pain). Despite those differences, all of 
our estimates fell close to those previously reported, which could be a reflection of the 
robustness of the results. Furthermore, our findings provide additional support to the 
role of common genetic factors between pain and symptoms of depression and anxiety. 
 
Our findings are somewhat in disagreement with one previous study that concluded that 
the relationship between low back pain and depression is not confounded by underlying 
genetic or early environmental factors (Suri et al., 2017). In this previous co-twin case 
control study a sample of male twins from the United States were investigated and the 
association between low back pain and depression remained unchanged after adjusting 
for genetic and early environmental factors (Suri et al., 2017). Estimates of heritability 
and shared environmental effects are time and context-dependent and may be affected 
by several factors. There were numerous differences between our study and the previous 
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co-twin study, including instruments used to assess low back pain and depression as 
well as participants’ characteristics, especially gender, which may have impacted the 
results.  
 
Interpretation of findings and implications  
The genetic correlation found in this study (rG = 0.47) can be interpreted as the 
magnitude of genetic overlap among low back pain and symptoms of depression and 
anxiety, and the likelihood that these conditions share the same genes. Since a moderate 
genetic correlation was found (rG = 0.47), this suggests that shared genetic factors affect 
significantly the covariation between these conditions, supporting the theories of 
common biological and physiological pathways. Previous research suggests that pain 
and symptoms of depression and anxiety share similar biological pathways and 
neurotransmitters (Fields, 2000, Lynch, 2001, Finan and Smith, 2013). For instance, a 
dysregulation or decrease of the serotonin and norepinephrine is one of the proposed 
biological mechanism for depression and anxiety and these neurotransmitters are 
associated with pain modulation and are believed to reduce peripheral pain signals (Bair 
et al., 2003). A dysfunction in the mesolimbic dopamine system has also been proposed 
as a mechanism underlying bidirectional processes between these phenotypes and neural 
function (Finan and Smith, 2013). Previous research using functional magnetic 
resonance to investigate brain activation has shown that brain regions involved in the 
modulation of emotion and mood (e.g. amygdala) send many projections to structures 
involved in the modulation of pain (Fields, 2000, Lynch, 2001, Bair et al., 2008). 
Additional research is needed to further our understanding of such mechanisms and 
pathways and our findings suggest that such approach might be successful.  
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The moderate genetic correlation suggests that the genetic architecture for one trait (e.g. 
low back pain), partially overlap with that of the other trait (e.g. symptoms of 
depression and anxiety). Therefore, the next reasonable step would be to investigate 
which specific genes are associated with both traits. However, before pursuing this 
approach one should consider that the phenotypic correlation between low back pain 
and symptoms of depression and anxiety was only fair. Although our findings suggest 
that genetic influences largely contribute to the co-ocurrence between low back pain and 
symptoms of depression and anxiety, each phenotype also has unique genetic 
influences. Finding the genes that influence both traits might prove challenging.   
 
Our findings suggest that there is far less overlap on the unique environmental factors 
affecting the association between low back pain and symptoms of depression and 
anxiety. A possible explanation is that there are a wide range of environmental factors 
that might impact on the development of pain and symptoms of depression and anxiety, 
and therefore it is less likely that twins will be similar with regards to these exposures. 
The finding of low unique environmental correlation between low back pain and 
symptoms of depression and anxiety implies that the environmental intervention method 
effective for one condition would not be a potential successful option for the other 
condition. Therefore, modifiable environmental factors that influence each variable (i.e., 
low back pain and symptoms of depression and anxiety) independently should be 
investigated.  
 
Limitations and directions for future studies 
Despite the strengths of this study, such as large and non-clinical sample size, this study 
has limitations that need to be considered when interpreting the findings. The low back 
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pain measurement was somewhat simplistic and did not take into account pain severity, 
frequency, or activity limitation. This should be considered when interpreting the results 
of this study, given that genetic influence is higher for more disabling and chronic types 
of low back pain (Ferreira et al., 2013). Similarly, we assessed symptoms of depression 
and anxiety, rather than depression diagnosed by a health professional or a specific 
questionnaire, and previous studies have shown that the definition and measurement 
method used for assessing depression impact on its relationship with low back pain 
(Pinheiro et al., 2015b, Pinheiro et al., 2016). 
 
Our results do not take into consideration potential interactions of components, such as 
gene-environment interaction or gene-environment correlation. For instance, factors that 
are traditionally considered as environmental factors, such as physical activity 
engagement and sleep habits, could impact on both low back pain and symptoms of 
depression and anxiety (Tang et al., 2007, Baglioni et al., 2011, Gore et al., 2012, 
Griffin et al., 2012, De Mello et al., 2013). However, these factors have also been 
demonstrated to have a strong genetic influence (Barclay et al., 2010, Santos et al., 
2012). Future studies should consider this potential gene-environment interaction. 
Additionally, more research is needed to further our understanding of the biological 
mechanisms underlying this association.  
 
Conclusions 
Our findings confirm the relationship between low back pain and symptoms of 
depression and anxiety in a non-clinical sample. The association between low back pain 
and symptoms of depression and anxiety is mainly explained by shared genetic 
influences, suggesting an overlap on the set of genes that influence each trait. 
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Additionally the types of individual-specific (non-shared) environmental factors that 
influence low back pain are largely not the same as those influencing symptoms of 
depression and anxiety. The present study extends the previous findings of genetic and 
environmental aetiologies of the comorbidity between pain and symptoms of depression 
and anxiety to the Spanish setting, contributing to the cross-cultural generality of this 
research field.  
 
FINANCIAL SUPPORT  
The Murcia Twin Registry is supported by Fundación Séneca, Regional Agency for 
Science and Technology, Murcia, Spain (15302/PHCS/10 & 19479/PI/14) and Ministry 
of Economy and Competitiveness, Spain (PSI11560–2009 & PSI2014-56680-R). JJM-
V holds a FPI Scholarship from Fundación Séneca, Murcia, Spain (19814/FPI/15). LCC 
holds a QIMR Berghofer Fellowship. 
 
CONFLICT OF INTEREST 
None  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
REFERENCES 
Akaike, H (1987). Factor analysis and AIC. Psychometrika, 52, 317-332. 
Baglioni, C, Battagliese, G, Feige, B, Spiegelhalder, K, Nissen, C, Voderholzer, U, 
Lombardo, C,Riemann, D (2011). Insomnia as a predictor of depression: a 
meta-analytic evaluation of longitudinal epidemiological studies. Journal of 
Affective Disorders, 135, 10-19. 
Bair, MJ, Robinson, RL, Katon, W,Kroenke, K (2003). Depression and pain 
comorbidity: a literature review. Archives of Internal Medicine, 163, 2433-2445. 
Bair, MJ, Wu, J, Damush, TM, Sutherland, JM,Kroenke, K (2008). Association of 
depression and anxiety alone and in combination with chronic musculoskeletal 
pain in primary care patients. Psychosomatic Medicine, 70, 890-897. 
Barclay, NL, Eley, TC, Buysse, DJ, Rijsdijk, FV,Gregory, AM  (2010). Genetic and 
environmental influences on different components of the Pittsburgh Sleep 
Quality Index and their overlap. Sleep, 33, 659-668. 
Boker, SM, Neale, MC, Maes, HH, Wilde, MJ, Spiegel, M, Brick, TR, Estabrook, R, 
Bates, TC, Mehta, P, von Oertzen, T, Gore, RJ, Hunter, MD, Hackett, DC, 
Karch, J, Brandmaier, AM, N., PJ, Zahery, M, Kirkpatrick, RM, Wang, 
Y,Driver, C. 2016. OpenMx 2.5.2 User Guide [Online]. Available: 
http://openmx.psyc.virginia.edu/documentation [Accessed 15-11-2017. 
Croft, PR, Papageorgiou, AC, Ferry, S, Thomas, E, Jayson, MI,Silman, AJ (1995). 
Psychologic distress and low back pain. Evidence from a prospective study in 
the general population. Spine (Phila Pa 1976), 20, 2731-2737. 
De Mello, MT, Lemos Vde, A, Antunes, HK, Bittencourt, L, Santos-Silva, R,Tufik, 
S (2013). Relationship between physical activity and depression and anxiety 
symptoms: a population study. Journal of Affective Disorders, 149, 241-246. 
El-Metwally, A, Mikkelsson, M, Stahl, M, Macfarlane, GJ, Jones, GT, Pulkkinen, 
L, Rose, RJ,Kaprio, J (2008). Genetic and environmental influences on non-
specific low back pain in children: a twin study. European Spine Journal, 17, 
502-508. 
Everitt, BS,Howell, DC 2005. Co-twin control methods. In: EVERITT, B. S. 
,HOWELL, D. C. (eds.) Encyclopedia of Statistics in Behavioral Science. 
Chichester: John Wiley. 
Ferreira, PH, Beckenkamp, P, Maher, CG, Hopper, JL,Ferreira, ML (2013). 
Nature or nurture in low back pain? Results of a systematic review of studies 
based on twin samples. European Journal of Pain, 17, 957-971. 
Fields, HL (2000). Pain modulation: expectation, opioid analgesia and virtual pain. 
Progress in Brain Research, 122, 245-253. 
Finan, PH,Smith, MT (2013). The comorbidity of insomnia, chronic pain, and 
depression: Dopamine as a putative mechanism. Sleep Medicine Reviews, 17, 
173-183. 
Gallagher, RM,Verma, S (1999). Managing pain and comorbid depression: A public 
health challenge. Seminars in Clinical Neuropsychiatry, 4, 203-220. 
Gasperi, M, Herbert, M, Schur, E, Buchwald, D,Afari, N  (2017). Genetic and 
Environment Influences on Sleep, Pain, and Depression Symptoms in a 
Community Sample of Twins. Psychosomatic Medicine. 
Gatchel, RJ, Polatin, PB,Mayer, TG (1995). The dominant role of psychosocial risk 
factors in the development of chronic low back pain disability. Spine (Phila Pa 
1976), 20, 2702-2709. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
Gore, M, Sadosky, A, Stacey, BR, Tai, KS,Leslie, D (2012). The burden of chronic 
low back pain: clinical comorbidities, treatment patterns, and health care costs in 
usual care settings. Spine (Phila Pa 1976), 37, E668-677. 
Griffin, DW, Harmon, DC,Kennedy, NM  (2012). Do patients with chronic low back 
pain have an altered level and/or pattern of physical activity compared to healthy 
individuals? A systematic review of the literature. Physiotherapy, 98, 13-23. 
Hoy, D, Bain, C, Williams, G, March, L, Brooks, P, Blyth, F, Woolf, A, Vos, 
T,Buchbinder, R (2012). A systematic review of the global prevalence of low 
back pain. Arthritis and Rheumatism, 64, 2028-2037. 
Jutte, JE, Needham, DM, Pfoh, ER,Bienvenu, OJ (2015). Psychometric evaluation of 
the Hospital Anxiety and Depression Scale 3 months after acute lung injury. 
Journal of Critical Care, 30, 793-798. 
Kendler, KS, Walters, EE, Truett, KR, Heath, AC, Neale, MC, Martin, NG,Eaves, 
LJ (1995). A twin-family study of self-report symptoms of panic-phobia and 
somatization. Behavior Genetics, 25, 499-515. 
Kline, RB (2005). Principles and Practice of Structural Equation Modeling, New York, 
Guilford Press. 
König, H-H, Born, A, Günther, O, Matschinger, H, Heinrich, S, Riedel-Heller, SG, 
Angermeyer, MC,Roick, C (2010). Validity and responsiveness of the EQ-5D 
in assessing and valuing health status in patients with anxiety disorders. Health 
and Quality of Life Outcomes, 8, 47. 
Linton, SJ (2000). A review of psychological risk factors in back and neck pain. Spine 
(Phila Pa 1976), 25, 1148-1156. 
Loehlin, JC (1996). The Cholesky approach: A cautionary note. Behavior Genetics, 26, 
65-69. 
Lynch, ME (2001). Antidepressants as analgesics: a review of randomized controlled 
trials. Journal of Psychiatry and Neuroscience, 26, 30-36. 
Macfarlane, GJ, Beasley, M, Jones, EA, Prescott, GJ, Docking, R, Keeley, P, 
McBeth, J, Jones, GT,Team, MS (2012). The prevalence and management of 
low back pain across adulthood: results from a population-based cross-sectional 
study (the MUSICIAN study). Pain, 153, 27-32. 
Moussavi, S, Chatterji, S, Verdes, E, Tandon, A, Patel, V,Ustun, B  (2007). 
Depression, chronic diseases, and decrements in health: results from the World 
Health Surveys. Lancet, 370, 851-858. 
Neale, M,Cardon, L (1992). Methodology for genetic studies of twins and families, 
Springer. 
Neale, MC, Hunter, MD, Pritikin, JN, Zahery, M, Brick, TR, Kirkpatrick, RM, 
Estabrook, R, Bates, TC, Maes, HH,Boker, SM  (2016). OpenMx 2.0: 
Extended Structural Equation and Statistical Modeling. Psychometrika, 81, 535-
549. 
Neale, MC,Maes, HH (2002). Methodology for genetic studies of twins and families, 
Dordrecht, the Netherlands, Kluwer Academic Publishers. 
Obradovic, M, Lal, A,Liedgens, H (2013). Validity and responsiveness of EuroQol-5 
dimension (EQ-5D) versus Short Form-6 dimension (SF-6D) questionnaire in 
chronic pain. Health and Quality of Life Outcomes, 11, 110. 
Ordoñana, JR, Perez-Riquelme, F, Gonzalez-Javier, F, Carrillo, E, Gomez-Amor, 
J,Martinez-Selva, JM (2006). An initiative in Spain for the study of women's 
health: the Murcia Twin Registry. Twin Research and Human Genetics, 9, 865-
867. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
Ordoñana, JR, Rebollo-Mesa, I, Carrillo, E, Colodro-Conde, L, Garcia-Palomo, 
FJ, Gonzalez-Javier, F, Sanchez-Romera, JF, Oviedo, JMA, de Pancorbo, 
MM,Perez-Riquelme, F (2013). The Murcia Twin Registry: A Population-
Based Registry of Adult Multiples in Spain. Twin Research and Human 
Genetics, 16, 302-306. 
Ordonana, JR, Sanchez Romera, JF, Colodro-Conde, L, Carrillo, E, Gonzalez-
Javier, F, Madrid-Valero, JJ, Morosoli-Garcia, JJ, Perez-Riquelme, 
F,Martinez-Selva, JM (2017). [The Murcia Twin Registry. A resource for 
research on health-related behaviour]. Gaceta Sanitaria. 
Pinheiro, MB, Ferreira, ML, Refshauge, K, Colodro-Conde, L, Carrillo, E, 
Hopper, JL, Ordoñana, JR,Ferreira, PH (2015a). Genetics and the 
environment affect the relationship between depression and low back pain: a co-
twin control study of Spanish twins. Pain, 156, 496-503. 
Pinheiro, MB, Ferreira, ML, Refshauge, K, Colodro-Conde, L, Gonzalez-Javier, F, 
Hopper, JL, Ordonana, JR,Ferreira, PH (2016). Symptoms of Depression 
and Risk of Low Back Pain: A Prospective Co-twin Study. Clinical Journal of 
Pain. 
Pinheiro, MB, Ferreira, ML, Refshauge, K, Ordoñana, JR, Machado, GC, Prado, 
LR, Maher, CG,Ferreira, PH (2015b). Symptoms of Depression and Risk of 
New Episodes of Low Back Pain: A Systematic Review and Meta-Analysis. 
Arthritis Care Res (Hoboken), 67, 1591-1603. 
Portney, LG,Watkins, MP (2008). Foundations of Clinical Research: Applications to 
Practice., Prentice-Hall. 
Posthuma, D, Beem, AL, de Geus, EJ, van Baal, GC, von Hjelmborg, JB, Iachine, 
I,Boomsma, DI (2003). Theory and practice in quantitative genetics. Twin 
Research, 6, 361-376. 
Reichborn-Kjennerud, T, Stoltenberg, C, Tambs, K, Roysamb, E, Kringlen, E, 
Torgersen, S,Harris, JR (2002). Back-neck pain and symptoms of anxiety and 
depression: a population-based twin study. Psychological Medicine, 32, 1009-
1020. 
Rijsdijk, FV,Sham, PC (2002). Analytic approaches to twin data using structural 
equation models. Briefings in Bioinformatics, 3, 119-133. 
Santos, DMV, Katzmarzyk, PT, Seabra, AF,Maia, JA (2012). Genetics of physical 
activity and physical inactivity in humans. Behavior Genetics, 42, 559-578. 
Sheehan, DV (2002). Establishing the real cost of depression. Managed Care, 11, 7-10. 
Snieder, H, MacGregor, AJ,Spector, TD (2000). Advances in Twin and Sib-pair 
Analysis, London, Cambridge University Press. 
Sullivan, MJ, Reesor, K, Mikail, S,Fisher, R (1992). The treatment of depression in 
chronic low back pain: review and recommendations. Pain, 50, 5-13. 
Sullivan, PF, Neale, MC,Kendler, KS (2000). Genetic epidemiology of major 
depression: review and meta-analysis. American Journal of Psychiatry, 157, 
1552-1562. 
Supina, AL, Johnson, JA, Patten, SB, Williams, JVA,Maxwell, CJ (2007). The 
usefulness of the EQ-5D in differentiating among persons with major depressive 
episode and anxiety. Quality of Life Research, 16, 749-754. 
Suri, P, Boyko, EJ, Smith, NL, Jarvik, JG, Williams, FM, Jarvik, GP,Goldberg, J 
(2017). Modifiable risk factors for chronic back pain: insights using the co-twin 
control design. Spine Journal, 17, 4-14. 
Szende, A,Williams, A (2004). Measuring self-reported population health: an 
international perspective based on EQ-5D, Netherlands, SpringMed publishing. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
Tang, NK, Wright, KJ,Salkovskis, PM  (2007). Prevalence and correlates of clinical 
insomnia co-occurring with chronic back pain. Journal of Sleep Research, 16, 
85-95. 
Verweij, KJ, Mosing, MA, Zietsch, BP,Medland, SE (2012). Estimating heritability 
from twin studies. Methods in Molecular Biology, 850, 151-170. 
 
 
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
FIGURE CAPTION 
Figure 1. Path diagram of the bivariate model with the latent factors A, D and E and 
their influence on the liability to low back pain (LBP) and symptoms of depression and 
anxiety (EQ5D) as modeled in the liability threshold model.  
L = liability, LBP = low back pain, EQ5D = EuroQol-5 dimension. Variables in circles 
represent latent variables or factors. Variables in boxes represent observed variables. 
Single-headed arrows (paths) represent causal relationship between the latent and 
observed variables. Double-headed arrows define correlations between variables. Paths: 
a(1 or 2), c(1 or 2), e(1 or 2), additive genetic, common environmental, and unshared 
environmental paths corresponding to univariate analyses of low back pain and EQ5D. 
Correlations: rG, rC, and rE, additive genetic, common environmental, and unshared 
environmental correlations between corresponding components of low back pain and 
EQ5D. 
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Table 1. Characteristics of included participants stratified by zygosity. 
 Total MZM MZF DZM DZF DZOS 
 n Mean 
± SD 
(rang
e) or 
% 
n Mean 
± SD 
(rang
e) or 
% 
n Mean 
± SD 
(rang
e) or 
% 
n Mean 
± SD 
(rang
e) or 
% 
n Mean 
± SD 
(rang
e) or 
% 
n Mean 
± SD 
(rang
e) or 
% 
Age 
(years) 
213
9 
53.7 ± 
7.3 
(43-
71) 
28
6 
52.4 ± 
6.7 
(44-
70) 
40
9 
52.0 ± 
7.1 
(43-
70) 
36
1 
52.6 ± 
7.1 
(44-
70) 
40
6 
53.2 ± 
7.7 
(43-
69) 
67
7 
56.2 ± 
7 (45-
71) 
Sex 
(female) 
116
7 
54.6 0 0 40
9 
100 0 0 40
6 
100 35
2 
52.0 
Low 
back 
pain 
689 32.3 59 20.6 17
7 
43.3 85 23.5 18
0 
44.4 18
8 
28.0 
Depressi
on / 
anxiety
*
 
466 21.9 34 11.9 95 23.4 41 11.4 10
8 
26.7 18
8 
27.9 
* Indicate the presence of symptoms of depression and anxiety, MZM = monozygotic 
male, MZF = monozygotic female, DZM = dizygotic male, DZF = dizygotic female, 
DZOS = dizygotic opposite sex. 
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Table 2. Results of the regression of the thresholds of low back pain and 
symptoms of depression and anxiety on age, sex and wave of data collection. 
collection. 
 
Model 
Low back pain Depression / anxiety*  
𝝌𝟐 p value  𝝌𝟐 p value  
1. Drop age 
2. Drop sex 
3. Drop wave 
0.056 
68.147 
8.044 
.8121 
<.0001 
.004 
1.384 
36.667 
9.798 
.2394 
<.0001 
.002 
*
indicates symptoms of depression and anxiety 
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Table 3. Polychoric twin correlations based on maximum likelihood estimates of a 
liability model with two categories. 
 Low back pain twin 
correlation 
Depression / anxiety
*
 
twin correlation 
Cross-trait cross-twin 
correlation 
MZ 
DZ 
0.25 (0.07, 0.42) 
0.14 (0.00, 0.27) 
0.50 (0.31, 0.66) 
0.16 (0.00, 0.30) 
0.24 (0.10, 0.27) 
−0.01 (−0.12, 0.09) 
*
indicates symptoms of depression and anxiety, MZ = monozygotic, DZ = dizygotic. 
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
Table 4. Model fitting results for the univariate and bivariate models of low back pain (LBP) 
and symptoms of depression and anxiety 
Variables Mode
l 
-2LL AIC parameter
s  
compariso
n 
𝝌𝟐 ∆𝒅𝒇 p 
value  
LBP 
 
1. 
ACE 
2. 
ADE 
3. AE 
4. CE 
5. E 
2572.78
4 
2572.80
0 
2572.80
0 
2573.84
9 
2584.34
6 
−1679.20
0 
−1679.20
0 
−1681.20
0 
−1680.15
1 
−1671.65
4 
7 
7 
6 
6 
5 
 
 
ACE 
ACE 
AE 
 
 
0.016 
1.065 
11.54
7 
 
 
1 
1 
1 
 
 
.900 
.302 
.0007 
Depressio
n /anxiety
*
 
 
1. 
ACE 
2. 
ADE 
3. AE 
4. CE 
5. E 
2125.98
5 
2124.93
4 
2125.98
5 
2132.54
6 
2152.09
0 
−2116.01
5 
−2117.06
6 
−2128.01
5 
−2111.45
4 
−2093.90
9 
7 
7 
6 
6 
5 
 
 
ADE 
ACE 
AE 
 
 
1.051 
6.560 
26.10
5 
 
 
1 
1 
1 
 
 
.305 
.010 
<.000
1 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
LBP and 
Depressio
n /anxiety
*
 
 
1. 
ACE 
2. 
ADE 
3. AE 
4. CE 
5. E 
4654.89
0 
4653.13
4 
4656.33
7 
4664.97
4 
4694.04
6 
−3833.11
0 
−3834.86
6 
−3837.66
3 
−3829.02
6 
−3805.95
3 
17 
17 
14 
14 
11 
 
 
ADE 
ACE 
AE 
 
 
3.203 
10.08
4 
37.70
9 
 
 
3 
3 
3 
 
 
.361 
.018 
<.000
1 
*
indicates symptoms of depression and anxiety; AIC = Akaike's Information Criterion, -2LL = negative 
2 log-likelihood, df = degrees of freedom, LBP = low back pain, EQ5D = symptoms of depression and 
anxiety, A = additive genetic influences, C = common environmental influences, E = unique 
environmental influences. The best fitting model is shown in boldtype.  
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Table 5. Estimates of additive genetic (A), non-additive genetic (D), and unique environmental (E) 
variance components for low back pain and symptoms of depression and anxiety, computed from 
bivariate Cholesky decomposition model (correlated factors solution). 
  Cholesky model  
(correlated factor solution) 
 a2 (95% CI) d2 (95% CI) e2 (95% CI) 
ADE model Low back pain 
Depression / anxiety£ 
0.10 (0.00, 0.36) 
0.07 (0.00, 0.49) 
0.19 (0.00, 0.41) 
0.44 (0.00, 0.66) 
0.71 (0.56, 0.87) 
0.48 (0.33, 0.66) 
AE model Low back pain 
Depression / anxiety£ 
0.26 (0.11, 0.41) 
0.45 (0.29, 0.50) 
0* 
0* 
0.74 (0.59, 0.89) 
0.55 (0.39, 0.71) 
* Fixed value, £ indicates symptoms of depression and anxiety.  
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Highlight  
 Low back pain and symptoms of depression and anxiety share genetic aetiology, 
suggesting that a common set of genes influence each trait. 
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